














LABORATORY TANK STUDIES 
O F  ELECTRICAL CANAL LOGGING TO DETECT SEEPAGE 

':: L @ ~ R  COST CANAL LINING PROGRAM 

INTRODUCTION 

Reservoirs and canals must be designed to hold extra water to com- 
termination of the amount of 
cessary to make an economic 
al. To improve the estimat- 
has conducted laboratory 

ible use of the voltage generated 
dicator of the location and a s  a 
ined canals. The recorded 
oltage between two electrodes 
flowing canals a r e  called'elec- 
on of voltage and resistance of 

the canal soil with respect to location along the length of canal, ' and 
may also contain some indication of seepage occurring through the 
canal material. 

In 1961 field tests  were conducted by the Engineering Geological Divi- 
sion with a pair of electrodes being dragged along long lengths of flow- 
ing canals. 11 These tests  indicated that there was a possible relation- 
ship betweex recorded voltage and the location of seepage areas: 

Both the Soils Engineering Branch and the Hydraulics Branch were r e -  
quested by the Division of Engineering Geology to conduct studies to 
help define the technique of obtaining and interpreting electrical logging 
charts for locating and measuring seepage in canals. , . 

~ l e c t r i c a l  loggingdests were conducted in 1962 by the Hydraulics 
Branch in &n:outdoor.75-foot-long (22.85-meter) canal gection. 2/ The : 

canal was provided with a 10-foot-long (3.05-mefer):test section from 
which the seepage rate could be controlled,: Resistivity and voltage 
charts were recorded'while dragging leadl'(Pb) electrodes d o n g  the '. 

ation seepage meters were used 
currently in various parteof the canal. Dur-. 
lation between the electrical logs and the seep2 " 

I. ., , 

'I -. 

in 1966 with various forms 
e re  not repeatable. With: the electrodes 

Locate Seepage. Operation  and^ 
1 1  and Procedures, Release No. 35; January, 

961, Department of the Interior, Bureau of 

Studies Conducted in a 75-foot- 



. - 
indicaied the possibility of oxidation and polarization of the lead 
electrodes a s  a cause of the decrease in seepcige :voltage reading 

.. . with repetitive tests.  31 . . 
- ::. -.>. 

The Soils Engineering Branch conducted measurements in an 8-inch 
(20.32-cm):: diameter permeability cylinder using a s  electrodes the 
calomel cells normally used a s  electrodes in pH meters. These 
cells a r e  nonpolarizing and the measured voltages were repeatable. 
Also, voltage readings were related t o  the amount of seepage. - 31 

ecause of the success of the Soils Engineering, Branch in using cal- 
omel cells for measuring voltages in a small test facility, these cells 
were tried in the large laboratory seepage tank. 

SUMMARY 

. Laboratory studies were made to,;help refine the technique of obtain- 
ing and interpreting electrical log charts for locating and measuring 
seepage in canals. The tes ts  were conducted in a 32- by 4- by 4-foot 
(9 .75-  by 1.22- by 1.22-meter) seepage tank in the Hydraulics Branch. 
The tank was equipped with a variable rate water inflow systemand an 
arrangement of outlet tubes for controlling and varying the seepage 
through a fine uniform sand bed. An electrical motor drive and cable 
system was installed to drag the calomel cells along-the length of the 
tank, - Figure 1. 

~ e & s  were rngde with the cells stationary and separated at  fixed dis-  
: tances of 28, ':IS, 13, 9, 5, and 1. 5 feet (R.:53 to 0.457 meters).  For 

mos t  tes ts  the'tlps of the cells were embedded one-half inch (1.27 cm) 
into the top of the seepage'bed. A typical voltagejresponse versus time 
recording obtained by turning the seepage on and then off is shown in 
Figure 4A. Seepage through the sand bed created small changes.in 
stable voltages from -1.2 to 5.2 mv (millivolts) between the cells for 
seepage ra tes  ranging to 35 cfd (cu f t / sq  ft/day o r  10.68 cu m/ sq  m/day). 
A complete summary from electricai logs charts of tes ts  with, station- 
a r y  electrodes i s  compiled in Table 1; 

Tests  were conducted with.it_he calomel cells traveling o r  being moved 
along the length of the top s ~ r f & e  of the seepage bed and separated < at 
fixed spacings of 9, 4, and 1 foot (2.74 to 0.305 meters).  .. 

"Electrical Potential from Waterflow in Soil 
t Canal Lining Program, Firs t  Progress  Re- 
735, June 1966~, Department of the Interior, 

factor table i s  provided at  endof report. 
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seepage. Typical recordings, without and with seepage, for travel- 
ing electrodes a r e  shown in Figures 4B and 4C. Table 2 contains a 
summary of al l  tes ts  with moving electrodes. When the spaced cells 
were dragged from near one end of the tank to the other, the differ- ... 
ence between a seepage voltage t race  and a no seepage trace was the ' ,  

Table 3 shows that stationary cells suspended one-half inch (1.27 cm) 
above the sand bed measured changes in seepage voltages about 1/10 of 
those for cells embedded one-half inch (1.27 cm) into the sand bed. 

Table 4 shows that small decreases of voltage were measured for 
large reductions in seepage rate. 

a rea  between the embedded cells increased. 

The summary of Table 6 does not indicate any :relationship between the 
spacing of stationary electrode a d  the recordea changes in voltage for 
a seepage ra te  of 35 cfd (10.68 cmd o r  cu ~ n / s q  m/day) through the, 
center six drains of the flume. 

Stationary electrode tests were conducted with thes;stive tips of the 
calomel cells inserted 112, 1, and 2 inches (1,:27;-2154 and 5.08 cm) 
into the sand bed for both a 9- and 28-foot (2.,,(/4- and 8. 53-meter) 'cell 

, :, spacing. Table 7 shows that changes in recorded stable seepage volt- 
age decreased with electrode penetration f o r t h e  +foot (2.74-meter) 
spacing and vice versa for the 28-foot (8. 53-meter) spacing. 

Observations during the stationary and moving electrode tes ts  indi- 
cated difficulties in the use of calomel cells and electrical logging 
f o r  locating and measuring seepage in canals. For example, there 
was a small  change in  voltage per unit change in seepage, 0.13 mvlcfd 
(1. 3 9  mv/cmd) for cells spaced at 9 feet (2. 74 meters).  This small 
voltage change might be obscured by voltage changes caused by elec- 
trode contact o r  other local voltages when dragging the cells in actual 

is difference i n  slope, if not peculiar to the 



t and the surrounding laboratory a reas  would not be suffi- 

i f  they'hit a rock in an actual canal. Also, to prevent polarization, 
a continuous supply o f ~ o t a s s i ~ m  chloride solution must be fed through 
the calomel ceils. Supplying solution to moving underwater cells is 
cumbersome in the laboratory and would be more so  in an actual canal. 
A simpler nonpolarizing and unbreakable electrode would be desirable. 

ging equipment. 

;.. LABORATORY APPARATUS 

The Seepage Tank 

A specially constructed 32- by 4- by 4-foot (9.75- by 1.22- by 1.22- 
meter) seepage tank, Figure 1, was used for  laboratory electrical 
logging tests.  Twenty-two perforated plastic pipes 1-112 inches 
( 3 . 8  cm) in diameter were spaced 18 inches (45.7 cm) apart and 
placed near the bottomat right angles to the long axis of the tank, 
a s  shownin thephotograph, Figure 2A, of the seepage tank during 



ing sys tem included a revers ib le  motor, a variable speed t r ansmis -  
sion, a driving pulley at  the top of one end of the tank, Figure lC,  
a n  id le r  pulley at  the fpp of the other  end, and a cable looped around 
and between the pulleys. The cable, beaded at 6-inch (12.24-cm) in- 
tervals ,  was of the type used in water level r eco rde r s  operated by 
floats. Electrodes were attached to  the bottom par t  of the,,,cable loop 
an< could be dragged back and forth along the length of the seepage 

The Electrodes 

calomel cel ls  a r e  not designed for use  under water. F o r  the seep- 



. were.  stat ionary and placed in contact with o r  near  the upper su r f ace  
of the sand bed at  a given electrode spacing. F o r  the second type 
called traveling tes t s ,  the ce l l s  were  towed in  contact with the upper 

Seepage Control 

calibrated by time-volume measurements  and were  expressed in  
t e r m s  of cfd units {cu f t l s q  ft/day). This  unit represen ts  cubic feet 
of water  passing through a square  foot of canal bed during a 24-hour 
d ly .  F o r  most tes ts ,  the mi.ddle s i x d r a i n s  were used. In o ther  
tes t s ,  the s ix  east  end o r  the s i x  w&i::end drains  were used. Since 
the laboratory has  i t s  own inherent e lectr ical  fields, different orien- 
tations of the seepage tank could affect the r e su l t s  of the seepage 
studies. Therefore,  records  were kept of direction of electrode 
t rave l  (east o r  west) and of seepage location (east  end, -middle o r  

w e s t  end). h a l l  c a s e s  where s ix  drains  were used, they were opened 
a t  a ra te  of 1 p e r  second s ta r t ing  from the west drain and working 
eastward. The drains  were  closed 1 p e r  second in  the s ame  o rde r .  
The reason for the regular ly  timed opening of the dra ins  was t o  a s -  
s u r e  consistency of-operation i n  the . laboratory apparatus for  com- 
parison of tes t  resul ts .  



Figure 4A. The voltage at the beginning of the trace was measured 
for no seepage flow through the sand (arbitrarily called zero). The 
outlet tubes of the six middle drains were then adjusted to produce a 
35-cfd (10.68-cmd) seepage rate; After 1 . 3  minutes the voltage read- 
ing had increased by 8.0 millivolts. At 8.3 minutes after seepage 
started the voltage had reduced to 3.0 millivolts, and at 12.3 minutes 
had stabilized at  4.5 millivolts. When the seepage was turned off the 
millivolt reading returned to the arbitrary zero in 1.5 minutes. 

A complete summary of the tests  for stationary electrodes is com- 
piled i n  Table 1. Each change in seepage rate'through the sand bed -. 
was considered a run and was assigned a number in Column 1 of the 
table. The f irst  digit in Column 1 refers to the number assigned to 

, the recording chart. Theremaining part of the number signifies the 
order of runs on a given char?. Column 2 lists the distance between ? 
electrodes and in some cases, the depth of insertion. For some tests 
a plastic collar was used to limit the insertion to one-half inch (1.27 
cm) and to pack the sand around the active tip of the electrode. When 
the collar was used it is noted in Column 2. The headings of the . re-  
maining columns explain the tabular values.   he entries in Table 1 
for Runs.2-4 and 2-5 a re  shown on Figure 4A. For  the other tes ts  ' 

the values in the table were obtained in a similar manner. 

The results of the,voltage measurements with stationary electrodes 
will be considered later  in this report. 

Traveling Electrodes 

Seepage voltages were recorded with the electrodes spaced at  9, 4, 
and 1 foot (2. 74, 1.22and 0.305 meter) apart and traveling along the 
length of the top of the seepage bed. The electrodes were towed at 
about 0.2 fps (6.09 cm/s,ec). -The pressure of the electrodes on the 
sand bed, when being towed, formed grooves in the sand about one- ', 

half inch (1.27 cm) deep. For each seepage test with the electrodes 
traveling, 35-cfd'(10.68-cmd) seepage rates were set inei ther  the 
-east, middle o r  west six drains of the seepage tank. Fo r  compari- 
son, voltage recordings were also obtained without seepage for the 
same combinations of direction of travel and spacing. 

. ,. 

raveling t e s t s  a r e  'shown 
of a voltage chart for 
traveling west along the 

r e  4C the jagge3 t race  'is 
traveling west but with t 





Effect of varying the ra te  of seepage on voltage. --Table 4 shows the 
effect of varying the ra te  of seepage. Column 1 shows the initial 
seepage conditions for the middle six drains. Column 3 shows the 
stable reading in millivolts with a 9-foot (2.74-meter) stationary 
electrocie spacing centered over the seepage area, after  the seepage 
was changed to the value in Column 2. Inspection of Table 4 shows 
that there were smal l  changes in voltage (0.2 to  0.8 mv) for large 
changes, 17 and 15 cfd (5.19 and 4.67 cmd) in the seepage rates. 

Voltage reaction to variation in s ize  of seepage area. --Table 5 shows 
t h e b e t w e e n  electrodes 
spaced at 9 feet (2.74 meter) and centered over the six middle drains. 
Starting at  one end, drains were successively opened to pass 35 cfd 
(10.68 cmd). one each 15 minutes. Column 1 shows the number of 
drains opened and Column 2 shows the mv reading after about 15 min- 
utes. Inspection of Table 5 shows that a s  the a rea  of seepage andlor 
number of seeping drains increased between the electrodes the volt- 
age reading increased. The voltages may be related more to the hor- 
izontal flow in the gravel filter than to the vertical flow through the 
sand between the electrodes. Horizontal flow results  because the 
gravel is 88 t imes  more permeable than the sand. 

Recorded stable seepage voltage change versus electrode spacing. --  
kfforts  were made to determine a relationship between stable seepage - - 
voltage and e l ec t r~de '@~ac ing .  The results  o i  this effort a r e  summa- 
rized in Table 6 in which Column 1 lists the six electrode spacings 
that were tested. The centerline between the two calomel cells coin- 
cided with the midpoint of the part of the sand bed having seepage. 
The cells were in line on the long axis of the top of the seeping bed. 
Tests  summarized in the table a r e  for both off ancl;!on 35-cfd (10.68- 

. cmd) seepage ra tes  using the middle six drainsi"Co1umn 3 lists the 
average stable voltage change for the number of runs shown in Col- 5 
umn 2. The high and low reading in the average a r e  listed in Col- ,. < 

umns 4 and 5, respectively. Inspection of Table 6 shows that no 
relationship between cell spacing and the change in recorded stable 
seepage voltage was determined by the laboratory tests. 

Effect of the depth of electrode insertion into sand bed. --Because of 
the amaren t  lack of relationship between electrode spacing and change I 
of c:$ile voltage, tests  were conducted to  determine-whether the volt-- 
ag& varied with electrode penetration into the sand. To check for 
this possibility stationary electrode tes ts  were conducted with the ac-  
tive tips of the calomel cells inserted 112, 1 and 2 inches (1.27, 2. 54 
and 5.08 cm) into the sand bed. Tests  using these depths were made 
for  both 9- and 28-foot (2.74- and 8.53-meter) electrode spacings for  
a seepage ra te  reduced from 35 (10.68 cmd) to 0 cfd in the middle six 

- 
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drains. The results of these tests listed in Table 7 show that the 
recorded change in stable seepage voltage decreased with electrode 
penetration for  the 9-foot (2.74-meter) spacing whereas the voltage 
change increased with penetration for the 28-foot (8.53-meter) 

These opposing results suggest that the degree of compaction of the 
soil around the calomel cell tips influences the voltage readings. 
Punching of an electrode into the sand bed .can either compact o r  
loosen the sand bed from its initial condition. Possibly the close- 
ness of sand particle surfaces to the pores in the cell tips o r  the 
contact pressure of the cell against the sand affect the recorded 

Tests  were conducted with plastic disc-type collars attached to the cal- 
omel cells to limit the depth of insertion to one-half inch (1.27 cm). It 
was also hoped that the collars would provide more consistent compac- 
tion of the sand around the electrode tips. The results of these tests  
were used in compiling Table 6 and the compiete summary of the tests  
a r e  listed in Table 1 starting with Run 12-1. 

These tests  with controlled depth of electrode penetration did not r e -  
solve the lack of a relationship between electrode spacing and the 
change of stable seepage voltage. 

Electrical interference experienced during tests. --The laboratory 
seepage study apparatus remained idle for a haif year between test  
series. A different pair of calomel cells were used for electrodes 
because the original pair were broken. The goals of these new sta-  
tionary tests  were to verify results previously obtained, to obtain 
data for electrical spacings not previously tested, and to see i f  vary- 
ing the depth of electrode insertion into the bed affects recorded seep- 
age voltages. Fo r  a 2-month period laboratory electrical interference 
from unknown sources made it impossible to obtain any significant 
electrical logs in the laboratory seepage tank. However, the inter- 
ference stopped and tes ts  were conducted. 

The complete summary of the second test  ser ies  is listed in Table 1 
starting with Run 7-1. The results were used along with a part of . 
the results from the first test series in compiling Table 6 and en- 
tirely used for compiling Table 7. 

Results from Traveling Electrodes 
. 



area  was tilted with respect to the trace without seepage. Also, 
the t races  crossed when the center of the electrode pair was nearly 
over the midpoint of the seepage bed. The one excefition (Run 9, 
Table 2) occurred when the electrode spacing was 1 foot (0.305 meter). 
In this case the seepage t race  indicated'its largest voltage difference 
in the middle of the t races  corresponding to the center of the length 
of the flume and was bowed upwards with respect to the no-seepage 
trace. The two t races  converged when the electrodes were at the ends 
of the tank. The maximum differences in voltages between the seep- 
age and no-seepage t races  occurredwhen the electrodes were at the 
east  end of the tank and seepage was occurring at the middle six drains. 
A possible reason for  this difference may have been a voltage in the lab- 
oratory apparatus other than the voltage created by seepage. Table 2 
also indicates that the difference between no-seepage and seepage volt- 
age t races  at the ends of the flume and/or t race  increased a s  the cell 
spacing increased. 

. .. 

CONCLUSIONS 

The following conclusions a r e  for seepage and bed conditions that ex- 
isted in the laboratory apparatus described in this report. Care 
should be exercised in applying these conclusions to possible appli- 
cations in.actua1 cadils.  Voltages developed in an electrical system 
a r e  necessarily a &tial function of the geometry of the confining sys-  
tem. Furthermore', the overflow system for maintaining the head in 
the flume, the inlet piping for replacing the water lost by seepage, and 
the channels for disposing of the seepage water al l  could create eiec- 
t r ica l  potentials that affect o r  mask seepage voltages generated in the 
flume. Within these limitations, the following conclusions were made: 



4. The calomel chis used (originally built fo r  pH meters) a%?. 
cumbersome because the electrical wire leads and connections 
must be waterproofed and provision must be made to continually 
supply saturated potassium chloride solution underwater. 

5. When the calomel cells were suspended just above the seepage 
bed the voltage changes were about 1/10 of the values recorded 

Conclusions--Stationary Electrode Seepage Tests 

1. The recorded changes i'n stable seepage voltage for the elec- 
trodes embedded one-half inch (1.27 cm) into the seeping bed were 
small, ranging from -1.2 to 5.2 millivolts for on and off tests  with 
seepage rates a s  high a s  35 cfd (10.68 cmd). When the electro'aes 
were suspended one-half inch (1.27 cm) above the seeping bed, the 
changes in logging voltages were reduced to 1/10 of that measured 
with the embedded electrodes. 

related to the amount of seepage change; however, differences in 
seepage vo.ltages for large changes.in seepage were small. These- 

- . changes were so small they could be obscured by local electrical 
interferences. 

3.  No. relationship between the recorded changes in stable 
seepage voltage and electrode spacing could be determined 
from this seepage study. 

4 .  When the seepage area  and/or number of opened drains be- 
tween electrodes increased, for  seepage kept at  a constant cfd 

. rate, the measured seepage voltage increased. 



the corresponding no-seepage control t races.  The two t races  
crossed near the middle of the t races  i. e. when the cells were 
near the middle of the seepage bed. The exception was the test 
with the cells spaced at 1 foot (0.305 meter). During this tes t  
the seepage trace bowed above the middle of the no-seepage 

2. Larger  electrode spacings tended to  produce 1argervoItage 
differences between the seepage and no-seepage traces.  

APPLICATION 

To more fully define the application of electrical logging f o r  pre- 
dicting seepage in canals, the following a r e  recommended: 

1. Studies should be performed with better isolation of the 
seeping portions of the laboratory flume. This could be done 
by means of both nonconducting and electrically conducting 
impervious barr iers .  By using barriers ,  seepage could be 
localized and directed to be either horizontal o r  vertical. 

2. Tests  should be made with clay silt soils in the seepage 
beds. Doing this may increase definition in measuring and ~, 

detecting smaller  seepage rates. 

3. Studies should be made to determine whether adjacent lenses 
of different soil types could produce voltages not related to  

4. Tests should be performed to determine the size of the 
voltage variation caused by electrodes being dragged over rocks 
and other obstacles on the seepage bed. 

5. There can be either inflow o r  outflow through canal beds 
depending upon the elevation of the water table. Tests  should 
bemade to determine whether electrical logging can distinguish 
between these two possibilities. 











































Fifiurc 1 
R e p o r t  Hyd-570 

. . . ..-. , 
A .  Easl cnrl of sccp:Igr tank.  

Oul le t  tuhcs i l l  off position 
Wi!h d i s ~ l ~ i ~ r f i c  c.nds h o n ~  
on s i d e  r rn l l  or !:ink. 
P h o t o  P S - I ) - I ~ I . I O I  



Report Hyd-570 

I 

A .  D r a i n p i p e s  in  bo t tom rlurinl: 
f n b r i r n t i o n  of seepn:c tonk .  
Photrr PX-D- liO4O4 

6. h d j u s t i n ~  outflo\r. t u b e s  to 
set :I seepaCo raw. 
P h o t o  PS - I )  - 60.1 O5 

IATORY SEEpAGI: JIND ELIlCTRIC:11. LOGGING STUDIES 

L o w e r  C o s t  Canal Lining P r o g r n m  





Figure 4 
Report Hyd-570 

. I I 







. , 

AWTRACT ABSTRACT 

laboratory tests were conducted in a seepage tank to study the applica- 
tion of electrical logging for locating and meaeuring seepage in canals. 
Preliminary teats shoved that lead (Pb) electrodes produced nonrepeat- 
able resulta; better results were achieved using nonpolarizing calomel 
cells as electrodes., Tests were made with stationary and moving elec- 
trodes. Large changes in seepage produced small but measurable changes 
in voltage between atatiollary calomel cells embedded in a sand bed on 
the bottom of the tank. Stationary electrodes suspended 112 in. above 
the seepage bed meas&ed voltages of about 1/10 of thoae measured by 
electrodes in contact with or inserted into the seepage bed. Voltage 
readings from moving electrodes continually increased or decreased 
according to the direction of travel. The diflerenee between a seepage- 
voltage log and a no-aeepage log was a greater slope of the seepage 
trace. Electrical logging cannot get be applied to measuring seepage 
for irrigation canals because alapea of the voltage traces have not 

ed to canal seepage. Further teats are required to been definitely ielated to canal seepage. Further tests nre required to 
of electrical logging in seepage investigations. evaluate possible use of electrical logging in seepage investigations. 

Laboratory tests vere conducted in a seepage tank to study the npplica- 
tion of electricsl logging for locating and measuring seepage in canala. 
Preliminary tests shoved that lead (Pb) electrodes produced nonrepeat- 
able results; better result6 vere achieved using nonpolarizing calomel 
cells as electrodes. Tests vere made with stationary and moving elec- 
trodee. Large changes in aeepage produced small but measurable changes 
in voltage between stationary Calomel cells embedded in a sand bed on 
the bottom of the tank. Stationary electrodes suspended 112 in. abbve 
the seepage bed measured voltages of about 1/10 of thoae meaaured by 
electrodes in contact with or inserted into the seepage bed. Voltage 
readings from moving electrodes C0nt:nually increased or decreased 
according to the direction of travel. The difference between a seepage- 

. voltage log and a no-seepage log was a greater slope of the seepage 
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